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ABSTRACT

In the course of our work on novel pyrrolo[2,3-d][1,2,3]triazines we have discovered that 1 undergoes an elimination of nitrogen at 250 °C to
give 2. We have conducted 15N labeling studies that establish that the loss of N-2 and N-3 from 1 had occurred rather than N-1 and N-2,
presumably via a retro Diels−Alder reaction of the imino tautomer 7. This study provides an alternative to the commonly accepted mechanism
which involves the loss of N-1 and N-2 via the transient formation of a diazonium compound generated from 4-amino- or 4-oxo-substituted
1,2,3-triazines condensed with carbocycles or heterocycles.

We have been involved for several years in studies1 on the
synthesis and chemical reactivity of various heterocycles as
analog of the purine ring system. A recent literature search
for derivatives of the pyrrolo[2,3-d][1,2,3]triazine ring system
revealed the existence of only two examples of this ring
system. The synthetic approach used for the preparation of
these two examples2 was very restrictive since it provided
only a limited choice of exocyclic functional groups. This
prompted us to develop new methodology3 to obtain a
versatile pyrrole intermediate that could provide pyrrolo-
[2,3-d][1,2,3]triazines with a wide choice of exocyclic

groups. We are currently4 using this approach for the design
and synthesis of a chemically diverse group of pyrrolo[2,3-
d][1,2,3]triazines in order to study the chemistry of this
essentially unexplored ring system. In the course of these
studies, we observed that one of these derivatives, 4-amino-
7-benzylpyrrolo[2,3-d][1,2,3]triazine-5-carbonitrile (1), under-
went a rapid gas evolution at its melting point to afford an
amber liquid which solidified on cooling to room tempera-
ture. This solid was subsequently identified5 as 2-amino-1-
benzylpyrrole-3,4-dicarbonitrile (2) (Scheme 1). A literature

search revealed that most 4-amino- or 4-oxo-substituted
1,2,3-triazines, condensed with a carbocycle or a heterocycle,

(1) (a) Zhu, Z.; Saluja, S.; Drach, J. C.; Townsend, L. B. J.Chin. Chem.
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underwent reactions that were explained by the transient
formation of a diazonium compound (Scheme 2).6 For

example, the products isolated by hydrolysis or pyrolysis of
substituted 4-aminobenzo-1,2,3-triazines (3) were explained
in terms of the transient intermediate4.7 The behavior of
these and other fused 1,2,3-triazines is consistent with the
loss of nitrogen from the N-1 and N-2 positions either
through a diazonium intermediate8,9 or a radical pathway.8

These previously reported results would suggest a mech-
anism for the conversion of compound1 to compound2 that
involves the loss of N-1 and N-2 through the transient
diazonium compound5. This would be followed by the loss
of nitrogen and the formation of6. A subsequent collapse
of compound6 would afford the pyrrole2 with an overall
loss of N-1 and N-2 and a transfer of the N-3 of pyrrolo-
triazine1 to the 2-position of pyrrole2 (Scheme 3, path A).

However, we also considered the possibility of an alternative
mechanism for the formation of pyrrole2 from pyrrolotri-
azine1 (Scheme 3, path B) that would involve a retro Diels-
Alder reaction resulting in the loss of N-2 and N-3 from the
imino tautomer7 to give a tautomer (i.e.,8) of pyrrole2.

Because a mechanism which involved a loss of N-2 and
N-3 was unprecedented, we initiated some15N labeling
studies to determine which of these two possibilities was
occurring. Treatment of 7-benzyl-4-(1,2,4-triazol-1-yl)pyr-
rolo[2,3-d][1,2,3]triazine-5-carbonitrile (9)10 with 15NH4Cl11

and K2CO3 in DMSO gave compound10.12 Heating pyrro-
lotriazine10 to 250°C neat under argon gave the15N-labeled
pyrrole1113 (Scheme 4).15N NMR and13C NMR confirmed

that a product containing only a label at the 3-CN position
was obtained, i.e., a cyano resonance at 115.2 ppm was
observed as a doublet (J ) 18 Hz), indicating a15N-3-CN/
13C-3-CN coupling, while a resonance for the 4-CN group
was observed as a singlet at 115.1 ppm in the13C NMR
spectrum of compound11. A resonance for C-2 of compound
11 in the 13C NMR spectrum was observed as a singlet,
indicating that the transfer of15N label to the 2-amino group
had not occurred. Additionally, only one15N NMR resonance
of compound11 was observed in the cyano region at 263
ppm. Since the mechanism following path A involves an
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intermediate that would be expected to be symmetrical about
the 3-position, it seems unlikely that this intermediate would
fully retain its configuration about the 3-position, and scram-
bling of the label would be expected to result in the formation
of pyrrole 2 labeled at the 3-CN and 2-NH2 positions.

To unequivocally establish that N-2/N-3 bond cleavage
was occurring, the preparation of labeled pyrrolotriazine14
was accomplished from12 (Scheme 5) using our established

procedures.4 Thermolysis of compound14 at 250 °C
provided labeled pyrrole15.14 The structure was determined
by proton-coupled15N NMR, which shows only one singlet

at 258.5 ppm (relative to benzamide set at 100 ppm),
indicating the presence of label only at the 4-CN position.
This structure assignment for labeled pyrrole15 is consistent
with nitrogen extrusion from 7-substituted 4-aminopyrrolo-
[2,3-d][1,2,3]triazines following path B.

It has not escaped our attention that this mechanism may
be generally applicable to other fused 4-amino-1,2,3-triazines
and could offer an alternative explanation of the reactivity
of these compounds. However, a careful consideration must
be made in each case when evaluating mechanisms involving
the loss of N2 from a fused 1,2,3-triazine.
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(12) Compound10was identical with1 by 1H NMR: 15N NMR (DMSO-
d6, 50 MHz) δ 75.4 (t, J ) 89 Hz); 13C NMR (DMSO-d6, 75 MHz) δ
152.8 (d,J ) 21 Hz), 146.1, 138.2, 136.2, 128.8, 128.1, 127.7, 114.3, 98.6
(d, J ) 3 Hz), 81.8, 48.8.

(13) Compound11was identical with2 by 1H NMR: 13C NMR (DMSO-
d6, 75 MHz) δ 148.4, 136.2, 129.1, 128.2, 127.5, 125.8, 115.2 (d,J ) 18
Hz), 115.1, 90.6, 70.0 (J ) 2.8 Hz), 48.8;15N NMR (DMSO-d6, 50 MHz)
δ 263 (s).

(14) Compound13: 15N NMR (DMSO-d6, 50 MHz)δ 230.8 (m), 104.5
(t, J ) 89 Hz). Compound14 was identical to compound1 by 1H NMR
and 13C NMR:15N NMR (DMSO-d6, 50 MHz) δ 326.3 (s), 261.3 (s).
Compound15 was identical to2 by 1H NMR and 13C NMR: 15N NMR
(DMSO-d6, 50 MHz) δ 258.5 (s).
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